Introduction {#sec1-1}
============

Preeclampsia (PE) is a systemic pregnancy-related disorder characterized by hypertension, proteinuria, edema and impaired organ functions including pulmonary edema, thrombocytopenia and impaired liver functions in the second half of pregnancy. If untreated PE will be developed into eclampsia which is characterized by the occurrence of seizure.\[[@ref1]\] The international incidence of PE is 5%--7% of all pregnancies causing maternal and/or neonatal morbidity and mortality. Risk factors for the incidence of PE include older age, obesity, diabetes mellitus, and previous hypertension. PE may start at the postpartum period. PE is routinely screened during prenatal care; so, high blood pressure more than 140 mmHg systolic and/or 90 mmHg diastolic at two divided time with proteinuria after 20 weeks of pregnancy is regarded as diagnostic criteria.\[[@ref2]\]

The pathogenesis of PE is started during trophoblast development and invasion that result in neovascularization and placental dysfunction which consequently causes the release of humoral substances into the maternal circulation. These substances causing a maternal organ injury which *per* SE leads to the clinical manifestation of PE.\[[@ref3]\]

Lipid peroxidation and oxidative stress have been regarded as the main factors responsible for the generation of free radicals by a poorly perfuse placenta which leads to platelets and leukocytes adhesion to the vascular endothelium causing vasoconstriction and augmentation of peripheral vascular resistance.\[[@ref4]\] Furthermore, placental vasoconstriction leads to a reduction of uteroplacental circulation that trigger the further release of inflammatory cytokines and anti-angiogenic factors which participate in the generation of a vicious cycle in the development of vascular endothelial dysfunction.\[[@ref5]\]

Free radicals seem to play an important role in the induction of endothelial dysfunction in PE. During normal pregnancy, elevated estrogen levels activate production of nitric oxide (NO) from vascular endothelium which is responsible for the vasorelaxation and anticoagulant effects through up-regulation of cAMP, and NO synthase is activated during normal pregnancy to maintain vascular tone and organ perfusions.\[[@ref6]\]

During PE, free radicals and reactive oxygen species (ROS) that are released from placenta cause inhibition the function and expression of NO synthase. Scavenging of NO induces the production of peroxynitrite (ONOO^−^) as an end-product which itself leads to lipid peroxidation and endothelial dysfunction.\[[@ref7]\]

At the molecular level, hypoxic placenta stimulates liberation of syncytiotrophoblast microparticle that stimulates the generation of the damage-associated molecular pattern which triggers the assembly of proinflammatory cytokines and ROS. In addition, advanced glycation end-products are augmented during PE which induces placental ROS interaction.\[[@ref8]\]

On the other hand, lipid peroxidation is increased in PE that expressed as elevated malondialdehyde (MDA) serum levels which is a marker of lipid peroxidation. Therefore, high lipid peroxidation and elevated lipid profile in preeclamptic women might be the cause of increased risk of coronary artery disease in PE.\[[@ref9]\]

Indeed, it has been reported that endogenous anti-oxidant capacity is reduced in PE; thus, glutathione, superoxide dismutase, and other antioxidant potentials are significantly reduced. Furthermore, Vitamin E which is known to reduce ONOO^−^ is reduced in PE; whereas, ascorbic serum levels are severely declining in patients with PE. Moreover, a high ascorbate serum level is dangerous since it may be oxidized into free radicals causing oxidative stress and endothelial dysfunction.\[[@ref10]\]

Furthermore, paraoxonase (PON-1), also known as arylesterase, is an enzyme found in high-density lipoprotein (HDL) and released from the liver. It protects HDL and low-density lipoprotein (LDL) from oxidation by free radicals. PON-1 has the ability to hydrolyze oxidized phospholipid and hydroperoxides. Serum levels of PON-1 may be reduced during PE and oxidative stress induced-disorders.\[[@ref11]\]

Therefore, the aim of the present study was to investigate serum levels of NO, ONOO^−^, PON-1, and lipid profile in preeclamptic patients compared to the women with normal pregnancy.

Materials and Methods {#sec1-2}
=====================

The existing study was done in the Department of Clinical Pharmacology and Therapeutics, College of Medicine, Al-Mustansiriyah University in collaboration with the Department of Gynecology and Obstetrics, Baghdad Teaching Hospital, Baghdad, Iraq, from June to September 2016. The study was approved by the Scientific and Ethical Committee in College of Medicine, Al-Mustansiriyah University.

Study design {#sec2-1}
------------

In this cross-sectional study, a total number of 68 pregnant women with ages ranging from 28 to 37 years were recruited from consultant unit in the Department of Gynecology and Obstetrics, Baghdad Teaching Hospital according to the American college of obstetrician and gynecologist recommendations. The pregnant women were divided into:

Group A: 40 women were a well diagnosed with PEGroup B: 28 women with normal pregnancy.

Women in both groups matching the age and body weight and written informed permission were attained from all recruited pregnant women according to the Ethical Committee of Medical Faculty College of Medicine, Al-Mustansiriyah University. A full history was taken for the parity and pregnancy-induced complications.

Inclusion criteria {#sec2-2}
------------------

Clinically diagnosed women with PE (BP \> 140/90 plus gestational age \>20 weeks).

Exclusion criteria {#sec2-3}
------------------

Any women with previous metabolic diseases, cardiovascular disorders, endocrine disorders, hypertension, diabetes mellitus, obesity, psychiatric, and mental disorders were excluded from this study.

Anthropometric measurements {#sec2-4}
---------------------------

Blood pressure was recorded at the supine position from the left arm by automated digital sphygmomanometer. Mild PE was defined when systolic/diastolic BP (DBP) was 140/90 while severe PE was defined when systolic/DBP was 160/110. BP measurements were taken on occasion 4 h apart.

All recruited preeclamptic women had mild PE.

Weight and height measurements were done by digital calculator and tape measure, respectively.

Body mass index (BMI) was estimated by specific equation, BMI = Weight (kg)/Height (m^2^).

Gestational age was estimated by ultrasonographic monitoring, examination, and dating from the 1^st^ day of last menses.

Biochemical measurements {#sec2-5}
------------------------

Ten milliliter of venous blood was drained from each pregnant woman, 6 mL stored in a plain tube for routine investigations, and 4 mL put into an ethylenediaminetetraacetic acid tube for estimation of oxidative markers.

Triglyceride, total cholesterol, and HDL were evaluated by colorimetric kits. LDL was calculated according to Friedewald *et al*.\'s method.\[[@ref12]\]

Very LDL (VLDL) = TG/5, cardiac risk ratio (CCR) = TC/HDL, atherogenic index (AI) = log (TG/HDL), and atherogenic coefficient (AC) = TC-HDL/HDL.

Serum uric acid level was calculated by a specific enzymatic method using the chemical analyzer as mg/dl. Proteinuria was estimated by dipstick method (protein dipstick grading).

Oxidative markers {#sec2-6}
-----------------

### Serum levels malondialdehyde {#sec3-1}

A marker of lipid peroxidation was estimated by ELISA kit method (Shanghai Yehua Technology Co. Ltd., China) expressed as μmol/L.

### Assessment of peroxynitrite {#sec3-2}

A marker of oxidative stress was estimated by ELISA kit method (ONOO^−^ Assay Kit AAT, Bioquest) expressed in μmol/L.

### Assessment of nitric oxide {#sec3-3}

A marker of endothelial function was estimated by ELISA kit method (NO Assay Kit, Colorimetric, ab65328, USA) expressed in μmol/L.

Assessment of PON-1 activity by Human PON-1 (PicoKine Kit, USA) expressed as U/L.

All kit procedures were done according to the kit instructions.

Statistical analysis {#sec2-7}
--------------------

SPSS for Windows version 21.0 (IBM Corp, Armonk, NY, USA) software was used for statistical analysis. Data are expressed as mean ± standard deviation (SD) Unpaired Student\'s t-test was used for estimating the level of significant regarding (*P* \< 0.05) as the lower limit of significance.

Results {#sec1-3}
=======

Results of the present study illustrated that the ages in both pregnant women with pre-eclampsia and normal control were insignificantly differed *P* \> 0.05 while the type of deliveries was significantly different, in PE most of the deliveries were cesarian section (65%) compared to normal vaginal delivery (35%). There were insignificant differences regarding the race and gestational age (*P* \> 0.05). Most of the preeclamptic patients were on antihypertensive medications: 95% on methyldopa and 5% on labetalol. Indeed, 15% of preeclamptic patients were smokers compared to 10.71% women with normal pregnancy *P* \< 0.01 \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic characteristics of the present study

![](JLP-10-276-g001)

Blood pressure changes were highly different in preeclamptic patients compared to the normal pregnancy; systolic blood pressure was high in PE (103.22 ± 11.62 mmHg) compared to the control (103.22±11.62 mmHg) (*P* \< 0.01). Also diastolic, mean and pulse pressures were high in PE compared to the control \[[Table 2](#T2){ref-type="table"}\].

###### 

Blood pressure in pregnant women with preeclampsia

![](JLP-10-276-g002)

Moreover, there was a significant elevation in the levels of triglyceride, total cholesterol, and LDL with a significant reduction in HDL compared to the control (26.65±3.38 mg/dL, *P* \< 0.01), but VLDL differed in preeclamptic women but to a lesser extent to the control (provide values) (*P* \< 0.05). Indeed, AI, AC, and CCR were high in PE compared to the control (*P* \< 0.01). Proteinuria was high in preeclamptic women compared to the control *P* \< 0.01 \[[Table 3](#T3){ref-type="table"}\].

###### 

Lipid profile, renal indices, and metabolic variables in the pregnant women with preeclampsia

![](JLP-10-276-g003)

Regarding lipid peroxidation and oxidative profile, MDA serum levels were high in preeclampsia (9.33 ± 2.38 μmol/L) compared to the control (l 6.22 ± 1.62 μmol/L) (*t* = 6.003, 95% confidence interval \[CI\] 2.0756--4.1444, *P* \< 0.001) \[[Figure 1](#F1){ref-type="fig"}\]. Paraoxonase U/L (PON-1) serum levels were low in PE 194.53 ± 66.18 U/L compared to the control (376.33 ± 40.23 U/L) (*t* = −12.942, 95% CI - 209.8466--53.7534, *P* \< 0.001) \[[Figure 2](#F2){ref-type="fig"}\]. NO levels were low in PE (14.46 ± 3.43 μmol/L) compared to the control (44.3 ± 8.39 μmol/L) (t=-20.255, 95% CI - 32.7814--26.8986, *P* \< 0.001) \[[Figure 3](#F3){ref-type="fig"}\], while peroxynitrite levels were high in PE (5.8 ± 1.78 μmol/L) compared to the control (1.89 ± 0.22 μmol/L) (t = 11.536, 95% CI 3.2333--4.5867, *P* \< 0.001) \[[Figure 4](#F4){ref-type="fig"}\].

![Malondialdehyde serum levels in patients with preeclampsia compared to the control](JLP-10-276-g004){#F1}

![Paraoxonase serum levels in patients with preeclampsia compared to the control](JLP-10-276-g005){#F2}

![Nitric oxide serum levels in patients with preeclampsia compared to the control](JLP-10-276-g006){#F3}

![Peroxynitrite serum levels in patients with preeclampsia compared to the control](JLP-10-276-g007){#F4}

Discussion {#sec1-4}
==========

The present study illustrated that PE was linked with parity and overweight as documented by Taylor *et al*. study which showed that ethnicity, lifestyle, parity, and BMI might affect the occurrence of PE. Parity is linked with pregnancy induced-hypertension. Parity increases systolic blood pressure, but it decreases DBP even with high BMI after 3--4 delivery by an unknown mechanism. Recently, race plays a minor role in the incidence of PE as reported by Zamora-Kapoor *et al*. study.\[[@ref13]\] In addition, 15% of preeclamptic patients were smokers which in turn may affect the occurrence of PE; since smoking reduces the risk of PE. In addition, nonsmokers both before and during pregnancy have a superior risk of PE compared to smoker patients. The protective role of smoking is related to the carbon monoxide, which plays an important role in the prevention of hypertension and proteinuria. Indeed, smoking provokes the expression of vascular endothelial growth factor which controls the survival and differentiation of cytotrophoblast during uterine invasion.\[[@ref14]\]

Nonsmokers both before and during pregnancy have a greater risk of PE/eclampsia compared to smokers. A dose-response relationship was evident between the number of cigarettes smoked per day during pregnancy and the risk of PE/eclampsia. Furthermore, discontinuance of smoking during pregnancy did not increase the risk of PE/eclampsia.

The present study certainly illustrated that all preeclamptic women are associated with SBB \>140 Hgmm and DBP \>90 Hgmm so they regarded as mild PE. Consequently, mean arterial pressure and pulse pressure was elevated; these findings are in coincidence with Peres *et al*. study.\[[@ref15]\]

In our study, preeclamptic women revealed dyslipidemic status which is characterized by elevated serum levels of total cholesterol, triglyceride, VLDL, and LDL with a significant reduction in HDL compared to the women with normal pregnancy. Accordingly, these changes led to augmentation of AI and CCR as reported by different studies which showed that elevated lipid profile in PE affect the incidence of coronary artery disease.\[[@ref16]\] In addition, findings of our study are more consistent with Baumfeld *et al*.\'s study that exposed a negative correlation between HDL serum levels and severity of PE.\[[@ref17]\]

Profile of renal function in the present study was exemplified by proteinuria and elevated serum uric acid in concern with normal blood urea and serum creatinine compared to the control as supported by Chung and To study.\[[@ref18]\]

Serum uric acid is regarded as an impact factor on the severity of PE and perinatal outcomes. On the other hand, Chen *et al*. disclosed that uric acid serum levels were not increased in women who developed PE and is not regarded as a predictive biomarker in the development of PE.\[[@ref19]\] As well Laughon *et al*.\'s study demonstrated that hyperuricemia is often linked with PE but is regarded as a poor predictor of fetal and maternal complications in women with PE.\[[@ref20]\]

The present study also confirmed the significant role of oxidative stress in the pathogenesis of PE as revealed by reduction of NO and PON-1 and increment in the levels of MDA and ONOO^−^. These findings are inconsistent with Bharadwaj *et al*., cohort study which showed that all oxidative stress biomarkers and total antioxidant status were high in preeclamptic patients compared to the normal pregnancy.\[[@ref21]\] Furthermore, increased levels of oxidative derivatives and reduced antioxidant potential in PE may donate to the endothelial dysfunction. MDA serum levels which reflect lipid peroxidation process were increased in PE. Demir *et al*. study demonstrated that HDL, PON-1, and ApoA1 were lower in patients with PE compared with controls; since oxidized lipoproteins could participate significant roles in the progression of PE.\[[@ref22]\] PON-1 is an antioxidant enzyme proceeds as a protective factor against oxidative stress and LDL oxidation. Genc *et al*. study documented low PON-1 serum levels compared to the controls,\[[@ref23]\] which is coincided with our findings. On contrary, Yaghmaei *et al*. study found high PON-1 activity in PE,\[[@ref24]\] whereas Sarandöl *et al*. study disclosed the insignificant difference in PON-1 activity in mild-to-severe PE compared to the normal pregnancy.\[[@ref25]\] It has been shown that PON-1 is linked with HDL and protects HDL from oxidation due to the ability of PON-1 to hydrolyze oxidized phospholipid. Therefore, reduction of PON-1 in the present study was related to the reduction in HDL serum levels which is decreased in PE. Likewise, increased oxidative stress and lipid peroxidation in our study may be a potential factor in the reduction of PON-1 in PE; since PON-1 activity is blocked in the presence of lipid peroxides.\[[@ref26]\]

Regarding the oxidative profile in PE, the present study showed low NO and high ONOO^−^ compared to the controls. This finding is supported by Osol *et al*., a study which confirmed that abnormal NO signaling pathway leads to low NO levels which consequently leads to vasoconstriction and PE. Under the physiological condition, NO is produced by endothelial NO synthase which expressed in the endothelium and contributes to vasodilatation and prevention of tissue damage. NO is also produced by inducible NO synthase which is not expressed in the endothelium. It is provoked by inflammatory cytokines that cause excessive NO production which leads to endothelial dysfunction.\[[@ref27]\]

In PE-free radicals induced by ischemic placenta interacts with NO leading to a reduction of NO bioavailability and induction of ONOO^−^ formation from NO. On the other hand, ONOO^−^ serum levels were high in our study due to scavenging of NO by free radicals. ONOO^−^ leads to endothelial dysfunction due to interfering with endothelial prostaglandin, MAP kinase and NF-kB causing vasoconstriction and augmentation of peripheral vascular resistance.\[[@ref28]\]

Moreover, in the present study, 95% of preeclamptic patients were on methyldopa compared to 5% on labetalol. Gomes *et al*. study confirmed the significant anti-oxidant effect of labetalol through reduction of ONOO^−^ and induction of vascular NO.\[[@ref29]\] Alpha-methyldopa is a centrally sympatholytic drug which has no anti-oxidant effect, but it reduces placental leptin secretion. It is possible that the leptin released from the ischemic placenta is responsible for activation of maternal sympathetic outflow causing hypertension.\[[@ref30]\] Unfortunately, serum leptin was not assessed in the present study.

Limitations {#sec2-8}
-----------

The main limitation of the present study was a comparatively small sample size of the groups, but our study was a cross-sectional study designed to evaluate the oxidative stress and PON-1 levels in preeclamptic pregnant women compared to the control. This is regarded as a base for our future studies for a prospective study to assess the effect of anti-hypertensive agents used during PE on the oxidative stress and PON-1 levels in preeclamptic pregnant women. The placental function was not determined in view of placental hormones. Even though, this study provided evidence of low PON-1 in PE which there is a controversy about it.

Conclusions {#sec1-5}
===========

This study concluded that PE is associated with the augmentation of oxidative stress and reduction of endogenous antioxidant capacity regarding PON-1.
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